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In this study, the charged Higgs pair production is calculated in the context of the supersymmetry
at a γγ-collider. The channel is explored in Two-parameter Non-Universal Higgs Model where the
model provides relatively light neutral and charged Higgs bosons. The computation is extended to
one loop-level, and the divergence arising in the loop-diagrams are cured with the radiative photon
correction. The production rate of the charged Higgs pair reaches up to σˆLO+NLOUU = 121 fb at√
sˆ = 635 GeV. The analysis of the cross-section is also given varying the parameters mA and tanβ.
The total convoluted cross-section with the photon luminosity in an e+e− machine is calculated as
a function of the center-of-mass energy up to 1 TeV, and it gets up to 42 fb at
√
s = 900 GeV
depending on the polarization of the initial electron and laser photon.
I. INTRODUCTION
In particle physics, interactions between the funda-
mental particles are expressed by symmetries. The in-
variance of these symmetries leads to the conservation
of physical quantities and also imposes the equation
of motion and the dynamics of the system. In this
sense, the Standard Model (SM) is governed by local
gauge symmetry, and it particularly has unitary symme-
try SU(3)× SU(2)× U(1). Besides local gauge symme-
tries, there is another one called Supersymmetry (Susy)
[1], which proposes a relationship between two basic
classes of fundamental particles: bosons (particles with
an integer-valued spin) and fermions (particles with half-
integer spin). The Higgs boson was discovered at the
LHC [2–4]. Thus, the SM was completed. However, it
is believed that the SM is a low energy approximation
of a greater theory that defines new physics at higher
scales. Susy is one candidate for these models which has
attracted much attention.
The LHC running at
√
s = 7, 8, 13 TeV energies made
it possible to test many low scale Susy predictions. Un-
fortunately, no new particle has been discovered at the
LHC. That restricted the Susy parameter space [5–9];
therefore, the masses of the sparticles were pushed to
higher scales. It was concluded that the simple weak scale
Susy picture was not valid, and thus, new scenarios were
proposed in the Susy context. The Minimal Supersym-
metric Standard Model (MSSM) [10, 11] is an extension
of the SM that realizes supersymmetry with a minimum
number of new particles and new interactions. The sim-
plified versions of the MSSM can be derived from a grand
unified theory (GUT) under various assumptions. The
model was generally defined with the following parame-
ters: the soft-breaking massesm0, m1/2 and A0 which are
assumed universal at the GUT scale, the higgsino mixing
mass parameter µ, and the ratio of the two vacuum ex-
pectation values of the two Higgs doublets tanβ. Besides
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these parameters, the sparticles get a contribution from
the so-called soft breaking terms. These terms miracu-
lously give extra mass to these sparticles at the weak scale
so that their masses are pushed to higher scales. These
soft breaking terms are usually assumed universal at the
GUT scale. It is possible to assume non-universality for
some of these parameters at the GUT scale with differ-
ent motivations. For example: in one-parameter Non-
Universal Higgs Model (NUHM1), the soft-breaking con-
tributions to the electroweak Higgs multiplets (m2Hd and
m2Hu) are equal, m
2
Hu
= m2Hd = sign(mφ)|m2φ|, but non-
universal, m2Hu(GUT) = m
2
Hd
(GUT) 6= m20. Another one
is called the two-parameter Non-Universal Higgs Model
(NUHM2) [12, 13], and this time the soft-breaking con-
tributions to the electroweak Higgs multiplets are not
equal m2Hu 6= m2Hd 6= m20. This scenario fits into all the
current constraints on Susy, and most importantly, all
electroweak observables get low contribution overall from
radiative corrections. Thus, the NUHM2 scenario can be
adjusted easily to get outside the limits obtained by the
LHC. The masses of the squarks and the sleptons can be
specially arranged above the TeV scale with the lightest
electroweakinos (χ˜0,±1 ) and the Higgses (h
0, H0, A0, H±)
being set deliberately below the TeV range. Among these
particles, charged Higgs (H±) boson emerges naturally in
extended theories with at least two Higgs fields. The ob-
servation of a single or pair production of charged Higgs
boson is a hot research topic, and it has been studied ex-
tensively in all high-energy experiments. Its observation
will be solid proof of an extended scalar sector.
The particle physics community has several proposals
for future colliders to study the properties of the Higgs
boson and investigate the extended scalar sector. In
all these proposals, a lepton collider is planned; there-
fore, the next one will be an e+e−-collider. Addition-
ally, an e+e− collider can host a γγ-collider, basically
high energy electrons are converted to high energy pho-
tons with a conversion rate of k ≈ 1 by Compton back-
scattering [14] technique. The LHC has not found any
trace about the extra Higgs bosons or the lightest elec-
troweakinos. Therefore, one may wonder what is the po-
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2tential of the future colliders about the supersymmetry
searches, particularly, the charged Higgs pair production.
The charged Higgs pair in lepton colliders were stud-
ied extensively before in Refs. [15, 16]. Since the pro-
duction rate in e+e−-collisions is s-channel suppressed,
the cross-section of γγ → H+H− is larger than that
of e+e−-collider. The production of the charged Higgs
pair was investigated before at the next-to-leading or-
der (NLO) for a γγ-collider in Refs. [17, 18] by taking
into account only Yukawa and later full squark correc-
tion. However, the infrared divergence was not included
there. The results showed that the one-loop corrections
are from -20% to +25%. Later, the process was handled
in Ref. [19] including the real radiative corrections. The
calculation was presented for various benchmark points
in MSSM, and the results showed that the correction is
overall between -60% to +5% at
√
s = 1 TeV. From the
previous works which calculated the complete one-loop
corrections, it is a proper question to ask what is the
contribution of one-loop diagrams in the light of the ex-
clusion limits set by the LHC and whether it is possible
to observe the charged Higgs bosons in future colliders.
Therefore, this process needs to be reevaluated.
In this study, the production of charged Higgs pair
is studied, including one-loop corrections plus radiative
ones. The cross-section of the charged Higgs pair is cal-
culated as a function of the center-of-mass (c.m.) energy.
The two polarization cases, σˆRR and σˆRL, are calculated
at the NLO level. Parameters of the model are varied,
and the cross-section distributions are plotted. Addi-
tionally, the distributions are presented by convoluting
the total cross-section with the photon luminosity in an
e+e−-collider with various polarization configurations of
the machine. The content of this paper is organized as
follows: In Sec. II, the parameter space of the NUHM2 is
defined. In Sec. III, one-loop Feynman diagrams, possi-
ble singularities in the calculation along with the proce-
dure to cure these divergences are discussed thoroughly.
In Sec. IV, numerical results of the total cross-section in
the NUHM2 are delivered, and the conclusion is given in
Sec. V.
II. TWO-PARAMETERS NON-UNIVERSAL
HIGGS MODEL
In Susy, the parameters at the GUT scale and the
soft-breaking parameters are closely linked with the elec-
troweak symmetry breaking. The results from the LHC
pushed the previous limits on masses of the sparticles to
high scales, and that resulted in the so-called ”little hier-
archy” between the weak scale and the scale of sparticles
masses. The high scale fine-tuning of the large logarith-
mic contributions and the weak scale fine-tuning were
needed to explain the little hierarchy. The high scale
tuning along with the weak scale tuning was discussed
in detail in Ref. [20]. The NUHM2 is an effective model
that is valid up to the scale Q ≤MGUT, and the soft pa-
rameters at the GUT scale only serve to describe higher-
dimensional operators of a more fundamental theory so
that there might be correlations that cancel the large
logs. Then, the implications on the weak scale become
significant, and fine-tuning of the electroweak observables
is needed. The electroweak fine-tuning parameter, which
is defined in Ref. [21], is given below:
∆EW = maxi|Ci|/(m2Z/2) (1)
where CHd = m
2
H2d
/(tanβ2 − 1), CHu =
−m2H2u tanβ
2/(tanβ2 − 1), and Cµ = −µ2. The
expression of the other two contributions at the one-loop
level CΣuu(k) and CΣdd(k) were defined in Ref. [21].
Evidently, the ∆EW gives the largest contribution to the
mass of Z-boson. Since NUHM2 was inspired by GUT
models where Hˆu and Hˆd belong to different multiplets,
it is argued that the GUT scale masses m2Hu and m
2
Hd
could be trade-off for the weak scale parameters µ
and mA in Ref. [22]. To achieve small ∆EW , it is
required that the soft mass parameter |m2Hu |, the mixing
parameter of the Higgs-doublets µ, and the radiative
contribution |Σuu| have to be around m2Z/2 to within a
factor of a few [21, 23]. Then, the |m2Hu |weak and µ2
can have a value of (100 − 300 GeV)2 at any values of
the parameters m0 and m1/2 in the non-universal Higgs
models. Therefore m0 = 10 TeV and m1/2 = 0.5 TeV
are assumed. The largest radiative correction, which is
stop mixing, requires A0 = ±1.6 · m0 = ±16 TeV, and
finally µ = 6 TeV is assumed. Accordingly, the following
two benchmark points with various ranges given in
Table I are investigated in this paper. In Table I, all
the sparticles are above the TeV except the Higgses and
the elektroweakinos. The benchmark point 1 (BP-1)
TABLE I. The input parameters in the NUHM2 scenario. All
the values are in TeV. The mass spectrum and the mixing
parameters are obtained using IsaSugra as a SLHA files.
BP m0 m1/2 A0 tβ µ mA0 mH±
1 10 0.5 -16 7 6 0.275 0.286
2 10 0.5 -16 (1-50) 6 (0.15-0.4) (0.170-0.413)
is taken from Ref. [20] 1. The range of mH± in BP-1
(170 < mH± < 413 GeV) might be light considering the
constraints from the B physics. It should be noted that
the value of BR(b → sγ) = 4.6 × 104 (given in [20]) in
the BP-1 is excluded in context of Type-II Two Higgs
doublet model [? ]. Accordingly, The mass of charged
Higgs boson being less than 600 GeV is not consistent
with experimental data of b → sγ, of course, this does
not directly apply to the MSSM. The masses of all the
1 The SLHA files for this benchmark point were obtained from
http://flc.desy.de/ilcphysics/research/susy.
3Higgses and the elektroweakinos are less than 500 GeV,
but the rest of the sparticles are still beyond the TeV,
so they are also beyond the reach of the LHC. In BP-2,
the parameters mA and tanβ are varied in the following
ranges (1 − 50) and (150 − 400) GeV, respectively.
The sparticle’s masses and their mixing parameters
are calculated with the help of IsaSugra-v7.88 [24].
Then one may wonder how the masses of the charged
(mH±) and the lightest Higgs bosons (mh0) depend on
the input parameter mA0 . In Fig. 1, the charged Higgs
mass is plotted as a function of mA0 , and it can be
seen that the higher-order corrections (implemented in
IsaSugra) lower the mH± compared to the tree-level
mass relation m2H± = m
2
W± + m
2
A0 . Besides, the
IsaSugra calculated the lightest Higgs boson (mh0)
mass between 120 ≤ mh0 ≤ 125 GeV in all the points
defined in Table I. Therefore, mh0 is consistent with the
discovered Higgs boson at the LHC [4].
��� ��� ��� ��� ��� ���
���
���
���
���
���
���
��� [���]
� �
±
[���
]
FIG. 1. The charged Higgs mass (mH±) as a function of the
input parameter mA0 .
III. THE CALCULATION AT THE
NEXT-TO-LEADING ORDER
In this section, the analytical expressions related to
the cross-section of the charged Higgs boson pair are pro-
vided. The scattering process is denoted as follows:
γ(k1, µ) + γ(k2, ν) → H+(k3) + H−(k4) (i, j = 1, 2) ,
where ka (a = 1, ..., 4) are the four momenta of the in-
coming photons and outgoing charged Higgses, the pa-
rameters µ and ν represent the polarization vectors of
the incoming photons.
A. The process at the tree-level
The Feynman diagrams, which take place in the
charged Higgs pair production via γγ collision at the tree-
level, are plotted in Fig. 2. These diagrams and the cor-
responding amplitudes are constructed using FeynArts
[25]. The vertices were defined in the model file where
all the couplings follow the convention given in Ref. [11],
and the FeynArts implementation of these rules were
given in Ref. [26]. After obtaining the total amplitude
for the process, further evaluation is employed in Form-
Calc [27, 28]. The summation over the helicities of the
γ
γ
H+
H−
γ
γ
H+
H−
H
γ
γ
H+
H−H
FIG. 2. Tree level Feynman diagrams for the charged Higgs
pair production via photon-photon fusion.
final states, and averaging over the polarization vectors
are determined by the FormCalc automatically. The
cross-section of the polarized γγ collision at the tree level
is defined as follows:
σˆLO(sˆ;µ, ν) =
λ(sˆ,m2H±)
16pisˆ2
(
1
4
∑
hel
|Mtree(µ, ν)|2
)
, (2)
where λ(sˆ,m2H±) =
√
sˆ2/4− sˆ m2H± , the parameters µ
and ν define the polarization of the photons, sˆ repre-
sents the c.m. energy in γγ collision, and the factor 1/4
is the average of photon’s polarizations. The Feynman
diagrams are given in Fig. 2 show that the couplings
gγγH+H− and gγH+H− play a role at the tree-level cross-
section. The couplings of a photon with charged particles
are universal. Therefore, this process is a QED process
at the tree level, and the cross-section depends on the
mass of the charged Higgs. At the loop-level, the total
cross-section could get significant contributions from the
sparticles, and that requires a detailed analysis.
The one loop-level calculation followed next. Then the
one loop-level diagrams are obtained with the help of
FEYNARTS and grouped into three distinct topologi-
cal sets of diagrams: self-energy diagrams, triangle- and
bubble-type s-channel diagrams, and finally box-type di-
agrams. All these diagrams are given in Fig. 3-5 where
the intermediated lines between the initial and the final
states represent the propagators of all the possible SM
and Susy particles.
The corresponding total Lorentz invariant matrix ele-
ment for the process at the one-loop level can be written
as a sum over all these three contributions: the box-
diagrams (Fig. 3), the triangle- and bubble-type dia-
grams (Fig. 4), and the self-energy diagrams (Fig. 5).
Mvirt =Mbox +Mtri +Mself (3)
4FIG. 3. One-loop Feynman box diagrams for the charged
Higgs pair production via photon-photon fusion. The wavy
lines represent the incoming photons, dashed lines are the
charged Higgses at the final state, the intermediated lines
represent all the particles and the sparticles in the theory.
FIG. 4. Triangle- and bubble-type s-channel Feynman dia-
grams for charged Higgs pair via photon-photon fusion. The
wavy lines represent the incoming photons, dashed lines are
the charged Higgses at the final state, the intermediated lines
represent all the particles and the sparticles in the theory.
The one-loop virtual correction is calculated by the fol-
lowing formula where the squared term |Mvirt|2 is not
included to the calculation because it is very small.
σˆvirt(sˆ) =
λ(sˆ,m2H±)
16pisˆ2
1
4
∑
hel
2Re [M∗treeMvirt] (4)
where sˆ represents the c.m. energy in the γγ collision
frame, and λ(sˆ,m2H±) is the same function defined before.
FIG. 5. Feynman self-energy diagrams for the charged Higgs
pair production via photon-photon fusion. The wavy lines
represent the incoming photons, dashed lines are the charged
Higgses at the final state, the intermediated lines represent
all the particles and the sparticles in the theory.
B. Ultraviolet and infrared divergences
In multi-loop calculations, an ultraviolet (UV) diver-
gence occurs due to the contribution of terms with un-
bounded energy, or because of investigating the physical
phenomena at an infinitesimally small distance. Since
infinity is unphysical, the ultraviolet divergences require
special treatment, and they are removed by the regular-
ization procedure, which is called the renormalization.
The divergent integrals are cured by including the coun-
terterms, which simply regularize the divergent vertices;
thus, the result becomes finite. The renormalized MSSM
model file in FeynArts follows the conventions of Refs.
[11? ? ]. The calculation and implementation of coun-
terterms are described in Ref. [? ]. The numerical cal-
culation is performed in the ’t Hooft-Feynman gauge so
that the propagators have a simple form, and the cal-
culation of the loop integrals consumes less computing
power. The constrained differential renormalization [29]
is employed because it is equivalent to the dimensional re-
duction [30, 31] at the one-loop level [32]. The cross signs
in Fig. 6 indicate all the vertices that require renormal-
ization. They are included in the calculation, therefore,
the total amplitudeMvirt becomes UV finite. The scalar
and the tensor one-loop integrals are computed with the
help of LoopTools [27, 28, 33], and the UV divergence
is tested by changing the parameters µ and ∆ on a large
scale. The cross-section is stable in the numerical preci-
sion. That proves the divergence is removed in the cal-
culation.
In the computation, another type of singularity occurs
due to the charged particles at the final state and the
massless particles which are propagating with very small
energy in the loops. This kind of divergence is called
infrared divergence (IR), and if the photon had a mass
of λ, then these divergent terms would be proportional
to log λ. According to the Kinoshita-Lee-Nauenberg the-
orem, these logs cancel in sufficiently inclusive observ-
ables. However, in non-confined theories such as the SM,
it is possible to obtain substantial effect due to small
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FIG. 6. The Feynman diagrams that regularize the divergent
vertices in the charged Higgs pair production.
fermion masses in non-inclusive observables. These IR
divergent contributions are canceled by including simi-
lar divergences coming from phase-space integrals of the
same process with additional photon radiation at the fi-
nal state. In other words, a measurement acquired in
an experiment intrinsically possesses this interaction al-
ready. The apparatus measures with a minimum energy
threshold, and therefore, it could not measure the pho-
tons that might have been emitted with an energy of less
than ∆E. The cross-section of emitting soft photons at
the final state has the same kind of singularity with mass-
less photons propagating in the loops, and adding these
contributions cancels the IR divergences in the calcula-
tion. The diagrams having an additional photon at the
final state are given in Fig. 7.
γ
γ
H+
H−
γ
H
γ
γ
H+
H−
γ
H
γ
γ
H+
H−
γ
H
γ
γ
H+
H−
γ
H
γ
γ
H+
H−
γ
H
γ
γ
H+
H−
γH
γ
γ
H+
H−
γ
H
H
γ
γ
H+
H−
γ
H
H
γ
γ
H+
H−
γ
H
H
γ
γ
H+
H−
γ
H
H
γ
γ
H+H
γ
H
H−
γ
γ
H+
H−
γ
H
H
FIG. 7. The Feynman diagrams that contribute to the ra-
diative corrections in charged Higgs pair production. The
process γγ → H+H−γ is plotted.
The soft photon radiation correction is implemented
in FormCalc following the description given in Ref.
[34]. Overall, the correction is proportional with the
tree level process;
(
dσ
dΩ
)
s
= δSB
(
dσ
dΩ
)
born
, where δSB is
the soft bremsstrahlung factor, and its explicit form is
given in Ref. [34]. The factor δSB is a function of ∆E,
and ∆E separates the soft and the hard photon radia-
tion. The photons are considered soft, if their energy is
less than ∆E = δsE = δs
√
sˆ/2. Summing this contribu-
tion (σsoft(λ,∆E)) with the virtual (σvirt(λ)) one drops
out the dependence on the photon mass parameter λ.
However, the result now depends on the detector depen-
dant parameter ∆E, and the contribution coming from
the hard photon radiation needs to be added as well to
drop that dependence out. Thus a complete picture of
the process is obtained. In conclusion, the total one-loop
corrections could be written as a sum of the virtual, the
soft photon radiation, and the hard photon radiation
σˆNLO = σˆvirt(λ) + σˆsoft(λ,∆E) + σˆhard(∆E). (5)
Next, the same divergent test is employed on the pa-
rameter λ; it is varied on a large scale, and the sum of
the virtual and the soft photon radiation becomes sta-
ble. Finally, the total cross-section needs to be checked
for the detector dependant parameter, and the δs is var-
ied logarithmically in Fig. 8. The virtual + the soft
correction is plotted by a blue line, the hard photon ra-
diation is plotted by orange, and the sum of all are indi-
cated by a straight green line. The calculation is done at√
sˆ = 1 TeV with the parameters defined in benchmark
point 1 in Table I. The total NLO correction is around
∼ −9% compared to the LO cross-section. The straight
green line in Fig. 8 indicates that the sum of all the con-
tributions is stable in changing the detector dependent
parameter δs on a large scale.
virt + soft
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FIG. 8. All the corrections are plotted as a function of
δs = ∆E/
√
sˆ/2. The orange line with the square marks rep-
resents the hard photon radiation, the light blue line with
the circle marks line represents the virt+soft contribution,
and the green line with the diamond marks shows the sum
of all the contributions. The calculation is performed at√
sˆ = 1.0 TeV, the BP-1 is employed, and λ = 1 is set.
6C. Convoluting the cross-section with the photon
luminosities
In real life, getting a high intensity monochromatic
photon beam is technically difficult and also might be
costly. Instead, an e+e−-collider can be used to extract
a photon beam by Compton back-scattering technique.
It is argued that the big fraction of the c.m. energy of
the electron beam can be transferred to the Compton
back-scattered photons in Ref. [35]. Then, the scatter-
ing process looks as e+e− → (γγ) → H+H−, and the
production rate can be obtained by convoluting the par-
tonic cross-section σˆγγ→H+H−(sˆ) with the photon lumi-
nosity in an e+e−-collider. The convolution is defined as
follows:
σ(s) =
1
4
∑
α,β=±1
∫ y2m
4m2
H±/s
dτ
dLγγ
dτ
(1 + αξ(y)) (6)
(1 + βξ(τ/y)) σˆαβ ,
where σˆαβ = σˆ
LO + σˆNLO = σˆγαγβ→H+H−(sˆ) is the scat-
tering cross-section for the polarization configurations of
the incoming photon beams, (α, β) represent the polar-
ization of the photons. The s and the sˆ are the c.m. en-
ergy in e+e− collisions and γγ sub-process, respectively
therefore τ = sˆ/s represents ratio of the c.m. energy in
e+e− collisions and γγ sub-process. The photon lumi-
nosity is defined as follows:
dLγγ
dτ
=
∫ ym
τ/ym
dy
y
Fγ(x, y)Fγ (x, τ/y) . (7)
The energy spectrum Fγ(x, y) and the mean polariza-
tion ξ(y) of the scattered photons were defined in Refs.
[14, 35–37], where y = Eγ/Ee with Eγ and Ee being the
energy of photon and electron beams, respectively. In
this study, the energy spectrum of the photons includes
only the Compton back-scattered photons, and nonlinear
effects are not taken into account. The maximum fraction
of the photon energy is defined as ym = x/(1 + x) where
x =
(
4EeEl/m
2
e
)
, the laser photon energy El = 1.17 eV,
me is the electron mass, and we set x = 4.8 in the calcu-
lation [35, 37].
IV. NUMERICAL RESULTS AND DISCUSSION
The following input parameters in the SM were given in
Ref. [40] where mW = 80.399 GeV, mZ = 91.1887 GeV,
mt = 173.21 GeV, and α(mZ) = 1/127.944. The bench-
mark points are defined in Tab. I, and the following
results are obtained using the SLHA files.
The distribution of the tree level, the loop-level, and
their sum are plotted in Fig. 9 as a function of c.m. en-
ergy up to
√
sˆ = 1 TeV; the ratio σˆNLO/σˆLO is added
at the bottom. The partonic cross-section rises sharply
when the c.m. energy passes the total mass of the charged
Higgs pair, which is 580 GeV here, and the unpolarized
cross-section reaches up to 125 fb at
√
sˆ = 0.64 TeV.
The total corrected cross-section starts falling moder-
ately after
√
sˆ = 0.64 TeV, and it decreases to 62 fb
at
√
sˆ = 1 TeV. The distributions of two polarization
cases, the σˆRR (Jz = 0) and the σˆRL (Jz = 2), are also
given in Fig. 9 by green-dashed and magenta-dashed
lines, respectively. It shows that the total cross-section
is dominated by Jz = 0 for
√
sˆ <∼ 0.95 TeV, and Jz = 2
gets higher in
√
sˆ > 0.95 TeV. Overall, the sum of the
virtual and the real corrections (NLO) is negative for√
sˆ > 0.59 TeV, and thus it lowers the tree-level cross-
section by ∼ 9%. Since the masses of the sparticles are
beyond the TeV, their contributions to the cross-section
via loops are small, but they still have an impact.
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FIG. 9. The cross-section distributions of the process γγ →
H+H− and the ratio σˆNLO/σˆLO are plotted as a function of
sˆ in NUHM2 scenario. Two polarization cases σˆLORR + σˆ
NLO
RR
and σˆLORL + σˆ
NLO
RL are indicated by green-dotted and magenta-
dotted lines in the figure, respectively.
In Fig. 10, various cross-section distributions are plot-
ted as a function of tanβ and mA for the region defined in
BP-2 at
√
sˆ = 1 TeV. At the top, the total cross-section
distribution (σˆLO + σˆNLO) is given. As it is expected,
the cross-section is higher at low mA values because the
mA is directly related to the charged Higgs boson, so the
phase space of the final state particles. The cross-section
gets smaller with increasing tanβ, but the change is low.
Since the cross-section at the tree-level is mostly QED,
all the model related contribution comes from the loop-
level. Therefore, the one-loop level contribution, σˆNLO,
is given in Fig. 10 (middle) as a function of tanβ and
mA. The σˆ
NLO is negative in the whole region, and it
decreases the tree-level cross-section up to 25 fb, but it
is around ∼ −10 fb for most of the parameter space. In
Fig. 10 (bottom), the ratio σˆNLO/σˆLO is plotted, and it
shows that the total one-loop and soft photon corrections
could decrease the LO cross-section by 30% at most. The
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FIG. 10. The cross-section distributions of the process γγ →
H+H− with the unpolarized incoming photons are plotted at
sˆ = 1 TeV. (top): σˆLO + σˆNLO, (middle): σˆNLO, (bottom):
the ratio σˆNLO/σˆLO is plotted as a function of tanβ and mA.
ratio is always negative in the whole region. It gets lower
at large tanβ and low mA values plotted by dark blue
regions. The ratio is the highest in the 4 <∼ tanβ <∼ 10
region, and it expands at high mA0 values. The total
cross-section is lowered at tanβ <∼ 4. Overall, the figure
shows that the one-loop contribution is negative, and it
lowers the cross-section at
√
s = 1 TeV.
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FIG. 11. The total cross-section of the charged Higgs
pair production convoluted with the photon luminosity in an
e+e−-collider. The polarizations are depicted in the figure.
In photon colliders, the main outstanding advantage,
which could be underlined, is the possibility of obtain-
ing a high degree of photon polarization. In this study,
we calculated the convoluted cross-section assuming var-
ious polarizations of the laser beam, Pl = (0,±1), and
the electron beam Pel = (0,±0.45,±0.80). These con-
figurations change the photon energy spectrum of the
Compton back-scattered photons, so does the photon
luminosity. In Fig. 11, the convoluted cross-section,
σ(e+e− → γγ → H+H), is plotted for different polariza-
tion configurations of an e+e−-collider. The convoluted
cross-section rises at
√
s >∼ 720 GeV for the benchmark
point 1 in all the laser and electron polarization config-
urations. The rise is dramatic for (Pel, Pl) = (0.80,−1),
and it reaches up to 46 fb at
√
s = 0.9 TeV, then it sat-
urates and slowly decreases. Having the opposite polar-
izations of laser and electron beam increases the num-
ber of the high energy photons significantly. Comparing
the convoluted cross-sections for (Pel, Pl) = (0, 0) with
the (Pel, Pl) = (0.80,−1) configurations shows that the
cross-section is raised by 50% at
√
s = 1 TeV.
At last, the question whether this signal can be de-
tected at the future colliders need to be answered. The
branching ratios of the charged Higgs boson is calculated
using IsaSugra. It mainly decays through H+ → t + b¯
and H+ → τ+ + ντ channels. Their sum gets the low-
est 94% of the total decay width. The distributions are
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FIG. 12. The branching ratio distributions of the charged
Higgs boson as a function of tβ and mA0 . (top): the H
+ →
t+ b¯ channel. (bottom): the H+ → τ+ + ντ channel.
plotted as a function of tβ and mA0 in Fig. 12. At
low mA0 values, the channel H
+ → τ+ + ντ becomes
stronger, and BR(H+ → τ+ + ντ ) gets up to 80%. If
the charged Higgs boson follows this decay channel, then
tau could decay hadronically by ∼ 64% and leptonically
∼ 36% (electron or muon). The final products of each
charged Higgs boson will be tau-jet or e/µ and missing
energy due to neutrinos at the final state. The decay
channel H+ → t + b¯ is picked at higher rates at high
mA0 >∼ 200 GeV values. Since top quark decays through
bottom quark and W boson, the final state of the charged
Higgs pair will be mainly four b-quark initiated jets and
the decay products of the two W bosons.
V. CONCLUSION AND SUMMARY
In this study, the charged Higgs pair production in a
γγ-collider was investigated, including all the virtual one
loop and the radiative corrections in the two-parameter
non-universal Higgs model. Since the parameters tanβ
and mA0 are the effective ones among the other param-
eters of the 2NUHM for getting the masses and the cou-
plings of the Higgses, the results were presented by vary-
ing them. According to the numerics, the total cross-
section increased to 90 fb. The total NLO correction is
negative overall, and it went down to −30% in a small
region in tanβ and mA plane. The contributions com-
ing from the σˆRR(Jz = 0) and the σˆRL(Jz = 2) were
calculated, and it was shown that the Jz = 0 dominates
in
√
sˆ < 0.95 TeV. The total cross-section was convo-
luted with the photon luminosity in an e+e−-collider,
and the cross-section, σ(e+e− → γγ → H+H−) reached
up to ∼ 46 fb with (Pel, Pl) = (0.80,−1). Also, com-
paring the cross-section distributions of different polar-
ization configurations of the laser photon and incoming
electron showed that the enhancement rises significantly
for the opposite polarizations at every c.m. energy. The
results manifest that the charged Higgs pair production
in the NUHM2 scenario could be accessed at the ILC
with
√
s = 1 TeV. The charged Higgs boson has two de-
cay channels that are significant for an observation. They
are H+ → t+b¯ and H+ → τ++ντ channels. Considering
the cross-section of the process and these decay channels,
the charged Higgs boson could be detected easily in the
future γγ-collider. The final state consists of a multi-jet
environment, where b tagging will play a significant role
in studying this process. The γγ-collider hosted on ILC
with a minimal cost can provide new insights and distinct
mechanism to test the predictions of the supersymmetry,
or luckily help to solve the mysteries of the universe.
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